SUMMARY The relation between serum cholesterol concentrations and the incidence of coronary heart disease is continuous and curvilinear; there is neither epidemiological nor biological evidence to support the existence of a threshold value. There is a clinical need, however, for an acceptable definition of action limits and desirable ranges, based on the evidence that raised cholesterol concentrations are causally related to atherosclerotic heart disease. The European Atherosclerosis Society has proposed a set of cut off points, which, together with age and the presence of other risk factors, direct the clinician to an appropriate level of treatment. Because the changes of serum cholesterol during adult life appear unphysiological, these action limits do not require adjustment for age.
SUMMARY The relation between serum cholesterol concentrations and the incidence of coronary heart disease is continuous and curvilinear; there is neither epidemiological nor biological evidence to support the existence of a threshold value. There is a clinical need, however, for an acceptable definition of action limits and desirable ranges, based on the evidence that raised cholesterol concentrations are causally related to atherosclerotic heart disease. The European Atherosclerosis Society has proposed a set of cut off points, which, together with age and the presence of other risk factors, direct the clinician to an appropriate level of treatment. Because the changes of serum cholesterol during adult life appear unphysiological, these action limits do not require adjustment for age.
The distribution of serum cholesterol in the United Kingdom population is such that a case finding strategy is required to identify the many persons at very high risk of coronary disease. Measurements of triglyceride, high density lipoprotein, apolipoproteins, and the investigation of hyperlipoproteinaema are informative but less mandatory.
Risk factors as causes
Much epidemiological research on coronary heart disease (CHD) over the past 30 years has been directed to identifying characteristics such as habits and biometric and laboratory variables that are related to the probability of developing overt CHD. The thrust of these studies has been to define predictive associations between such characteristics and the risk of CHD.1 A good deal of discussion has centred around whether such associations reflect aetiology and, if so, whether reduction of risk factors is followed by reduction in incidence of CHD. Examples of non-causal associations abound. Ischaemic ECG changes are predictive of a high risk of CHD merely because they reflect existing CHD. Presence of a diagonal ear lobe crease is associated with a 50% increase in the risk of CHD, but few would argue that this reflects causality or that judicious plastic surgery might lessen their risk. An inverse relation between high density lipoprotein cholesterol concentration and risk of CHD has often been reported,2 though less consistently than other risk factors3 4 ; but at present there is little evidence that reflects a directly protective role of this lipoprotein.
Several characteristics of associations are necessary to their causal interpretation, including temporal sequence (the putative cause must precede the disease), strength, and presence of a dose response relation, and independence that is, that it should not merely reflect a correlation with some other causally important variable and consistency. 5 If the epidemiology is consistent with information from other disciplines the body of evidence must be particularly cogent, and then justifies putting the aetiological theory into clinical practice.
These criteria of causality have been abundantly fulfilled for the relation between serum cholesterol (or low density lipoprotein cholesterol) concentrations and CHD.6 Not only do the epidemiological data have the characteristics listed, but they agree with several other sources of information. Clinically, an eight-fold increase in CHD has been observed in patients with familial hypercholesterolaemia,7 a genetic disorder of lipoprotein metabolism probably affecting about 120 000 persons in the United Kingdom. A high prevalence of CHD and of peripheral atherosclerosis is also evident in remnant (type III) hyperlipoproteinaemia. 8 9 In controlled trials of serum cholesterol reduction a Role ofplasma lipids for detecting high cardiovascular risk powerful association has been shown between the change in serum cholesterol concentration and the reduction in CHD. 0 Atherosclerosis develops in two distinct strains of animals with inherited hyperlipidaemia" 12; lesions similar to atherosclerosis arising in animals with hyperlipidaemia induced by diet show partial regression when cholesterol concentrations are reduced.'3 Finally, much is known about the mechanisms by which low density lipoproteins interact with elements of the arterial intima in ways that would influence atherogenesis. For the relation between serum triglyceride and CHD, and that between high density lipoprotein cholesterol and CHD, the evidence is less compelling. These are profoundly important areas for research, and some provisional clinical standpoint is necessary when patients present with hypertriglyceridaemia of varying degrees. The relation between triglyceride and CHD has been found in two recent studies44 45 to be independent of other risk related variables-that is, high density lipoprotein cholesterol and obesitybut in some studies evidence of a dose response relation is lacking. Some disorders associated with severe hypertriglyceridaemia seem not to be associated with increased risk of CHD,8 unlike familial combined hyperlipidaemia, presenting with more moderate hypertriglyceridaemia accompanied by high risk of CHD.8 There is no evidence from rigorous controlled trials, and little or none from animal models, to establish a causal link between hypertriglyceridaemia and CHD. Nevertheless, a strong clinical suspicion remains that this relation is a real one, based largely on the prevalence of raised triglyceride concentrations in patients with CHD in case control studies.'4 Future research may clarify whether certain lipoproteins among the wide range of plasma particles rich in triglycerides are selectively related to atherogenesis, such as the denser, smaller "remnant" lipoproteins, and are also related to thrombotic tendency.
Many longitudinal studies have shown that the relation between high density lipoprotein cholesterol and risk of CHD is strong and independent. It is not entirely consistent, however, as no significant independent predictive power was found in two large scale studies.3 4 Nor is there affirmative evidence from controlled trials. Progression of atherosclerosis was not significantly related to high density lipoprotein cholesterol in one controlled angiographic trial of lipid reduction,'5 though a strong relation to low density lipoprotein cholesterol was evident. In two other angiographic trials, however, evolution of disease was related to concentrations of high density lipoprotein cholesterol and to total cholesterol. 16 17 In relation to mechanisms by which high density lipoprotein could influence the pathogenesis of atherosclerosis, there is impressive evidence that the HDL3 subclass serves as an acceptor of free cholesterol from cells, so initiating the putative mechanisms of reverse transport of cholesterol from peripheral tissues to the liver. Nevertheless, there is insufficient evidence to suggest that variation in the plasma concentrations of high density lipoprotein or any of its components within their usually observed ranges influences the rate of reverse transport; these concentrations are not independently related to the size of the measurable tissue pools of cholesterol. 8 Certain genetic disorders associated with extremely low concentrations of high density lipoprotein components are accompanied by a familial aggregation of CHD, '" but in other such disorders (Tangier disease, fish-eye disease, and presence of apo A-I (Milano), there is little or no excess risk of coronary disease.
In summary, there is convincing evidence that raised plasma concentrations of low density lipoprotein have a causal role in atherosclerotic heart disease; but the clinical importance of plasma triglyceride and high density lipoprotein cholesterol concentrations requires considerable further evaluation.
Liproprotein risk factors as continuous variables
The clinical and preventive medicine approaches to CHD risk factors are profoundly influenced by the distribution and prevalence of these variables in the population. A discontinuous relation between the variable and its associated risk might suggest a "natural" cut off point separating the range accompanied by risk from the range not so associated. Those epidemiological studies with sufficient statistical emphasis, however, have shown continuous linear or curvilinear correlations-that is, there has been no indication of a threshold separating a high risk range from a range accompanied by low or zero risk. This seems to hold for blood pressure in relation to CHD and stroke, for smoking in relation to several associated diseases, and for serum cholesterol concen The population strategy for reduction of CHD in the community is consistent with this concept that the serum cholesterol-CHD correlation is continuous over a wide range. Using educational and other meaLewis sures directed to the population as a whole, the population strategy aims to change the distribution of risk related variables (serum cholesterol, smoking, blood pressure, body weight) towards lower risk. In the context of serum cholesterol distribution the goal is to recommend a gradual but sufficient change in national dietary patterns to reduce the modal cholesterol concentration of countries such as the United Kingdom by 10-15%-that is, to that of countries with a lower rate of CHD. As the reduction in those subjects with concentrations in the upper part of the distribution will be greater than the mean reduction, and the reduction in those with initially low serum concentrations will be less than the mean reduction,23 the effect will be to produce a narrower distribution shifted to the left (figure). If the cholesterol-CHD correlation is curvilinear it follows that the greatest reduction will be among those with serum concentrations in the upper part of the distribution where the relation to risk of CHD is steepest.
For those with serum cholesterol concentrations conferring increased risk of CHD, these considerations of the form of the cholesterol risk relation have profound implications for the concepts of normal or reference ranges for serum cholesterol concentration, and of action limits.
"Normal" serum cholesterol concentrations Serum cholesterol concentration has, essentially, a unimodal distribution, though a few people have extremely high concentrations resulting from major genetic hyperlipidaemias.
For no other analyte commonly measured by chemical pathologists has there been greater diversity of views concerning reference ranges and optimal distributions than for serum cholesterol concentration. Upper values for reference ranges such as 7-8 mmol/l are used by several laboratories, and higher values are by no means unknown. These have been variously based on established statistical criteria such as limits set two standard deviations above the mean of an apparently healthy population sample, on the 90th centile for young adults, or on more arbitrary choice (7-8 mmol/l corresponding to the convenient round value 300 mg/1). Some arcane reasons have been put forward when selecting bases for deriving such limits, of which the most irrational and potentially harmful is the wish to avoid assigning too many people to a hypercholesterolaemic range.
Several problems attend the use of statistically derived ranges based on measurements on a sample from a particular normal population. The most conspicuous is the wide variation between the distribution seen in healthy people in different populations; it has been pointed out that the distributions of some Role ofplasma lipids for detecting high cardiovascular risk normal populations barely overlap.24 Who, then, is "normal"? A person with a serum concentration of, say, 6mmol/I would be regarded as normal in the United Kingdom but would be given treatment in Italy or Japan. No generally applicable "normal range" can be derived from such observations.
A further problem requiring discussion is the relation of serum cholesterol and low density liproprotein cholesterol concentrations to age. In neonates mean concentrations are of the order of 2 mmol/l, and there is a steep increase in the first four or five years of life. There is little further change in childhood and early adult life. In Western countries with high rates of CHD, mean concentrations of cholesterol in adults tend to increase from the fourth decade to reach a peak in the sixth decade, subsequently decreasing in later life.25 For this reason age adjusted ranges are sometimes provided to take into account the increase in middle age. Interestingly, this trend with adult age is common to other risk related variables such as blood pressure and body weight in populations prone to CHD.
If the rise of mean serum cholesterol in middle life is physiological it should be seen in all populations. This is not the case, however: in several studies of populations with a low incidence of CHD, plasma cholesterol26 27 and triglyceride28 showed no increase during adult life. It is no longer regarded as appropriate to adjust desirable ranges of body weight or blood pressure for age. Similarly, the rise of serum cholesterol in middle age is best regarded as unphysiological, reflecting an increased prevalence of hyperlipidaemia in the fifth and sixth decades of life. The decreasing lipid values seen in cross sectional studies in the seventh and eighth decades may also be unphysiological, as they reflect (at least in part) a selectively greater mortality from cardiovascular disease among people with concentrations in the upper part of the distribution.
Sex differences are seen in serum cholesterol concentrations and, to a more pronounced extent, low density liproprotein cholesterol concentrations25; in premenopausal women these values are lower than in men of similar age, and following a steep perimenopausal increase they are subsequently higher in women.
Differences have been shown in the distribution of at least one genetically determined factor that is known to influence serum cholesterol concentration. Genetic polymorphism of apolipoprotein E results in the existence of six phenotypes: E2/2, E2/3, E3/3, E3/4, E2/4 and E4/4; the E3/3 phenotype is the commonest. Apo E2/2 is associated with lower than average serum cholesterol, and apo E3/4 and apo E4/4 with higher than average.29 While in theory differences between populations in distribution of serum cholesterol may have a genetic component, there is evidence that environmental factors play the major part: studies of migrating populations have shown that the serum cholesterol distribution of the migrant group rapidly approaches that of the host population-for example, Japanese in Hawaii and California, Yemenites in Israel. In an institutional crossover nutritional experiment the large difference in mean serum cholesterol concentrations between white and black South Africans was reversed by exchanging their diets in a six month study.30
Desirable serum cholesterol concentrations, and the selection of action limits Several reasons militate against the use of the usual statistical bases for defining a normal range of serum cholesterol. An alternative approach is to identify serum concentrations that are associated with minimum risk of death or disease. This concept is the basis of the definition of "ideal" body weight, and current definitions of diabetes mellitus are based on concentrations of blood glucose associated with the appearance of microangiopathy.3" The direct relation between risk of CHD and serum cholesterol provides the only rational basis for recognition of a desirable cholesterol concentration. (Serum cholesterol is also positively associated with the incidence of atherosclerosis affecting the lower limbs). Conversely, there is no evidence that low serum cholesterol is causally associated with disease,32 33 37 8 In part, the interpretation of high density lipoprotein cholesterol concentrations follows similar lines. The dearth of information on the possibility that this lipoprotein has a direct protective role against CHD has already been referred to in this review. Statistical reference ranges for British adults (10th and 90th percentiles) are 0 8 to 20 mmol/I in men, and 12 to 2-2mmol/1 in women.25 Low concentrations of high density lipoprotein cholesterol are often seen in obesity, and are slightly but significantly reduced in cigarette smokers: treatment and counselling are, of course, indicated.
The distribution of serum cholesterol concentrations in Britain
In an interim report on over 3000 men and women aged 25-59 years (Guyer BM, Lewis B, Minn JL, et al. Abstract presented at VIIth International Symposium on Atherosclerosis, Melbourne, 1985.) the distribution of serum cholesterol concentration was slightly skewed to the right, with a mean of 5-7 mmol/l. Of this population sample, 23% had cholesterol concentrations exceeding 6-5 mmol/l. This is associated with a mortality from CHD about twice as great as that of people with concentrations of less than 5 mmol/l. Values exceeding 5 2 mmol/l were found in 63% of the population.
These prevalences are higher than those in the United States of America and most other countries. In the United States of America, mean serum cholesterol concentration is believed to have fallen by 3-8% over the past two decades,40 a change that occurred at the same time as a striking decline in mortality from CHD. It can be anticipated that a similar trend in serum cholesterol distribution will take place in Britain, or may already be happening. In 4 and 10% in the young and middle aged.
These estimates of prevalence of hypercholesterolaemia have substantial implications for pathologists and physicians working in the detection and management of lipoprotein disorders.
Individual and population strategy for reduction of CHD The population approach to risk reduction aims to improve health related behaviour in the community as a whole. This is an essential component of preventive medicine policy, deserving endorsement by doctors in interactions with patients and the public at all times. The individual approach seeks to identify those at particularly high risk, with a view to management and follow up in a clinical setting. These are complementary strategies, and in no sense alternatives. Only the former strategy could reach the large proportion of the population with moderate risk factors who are at risk of CHD. Educational and other measures comprising the population strategy, however, are inadequate for those at high risk. Familial hypercholesterolaemia and remnant hyperlipoproteinaemia, which together probably affect some 120 000 to 140 000 people in the United Kingdom seldom respond to the moderate dietary change advocated for the population; most patients require treatment with drugs to achieve adequate reduction in lipids.
Purely clinical aspects of the individual strategy are beyond the scope of this review. For the pathologist, pertinent aspects include the diagnosis of lipoprotein disorders and the provision of laboratory services for growing numbers of specialised lipid clinics.
Detection and diagnosis of hyperlipidaemia
Occasionally, hyperlipidaemia is diagnosed clinically, when the presence of xanthomas is noted by the general physician, orthopaedic surgeon, or dermatologist. But During a full clinical examination for an intercurrent medical problem, it is normal practice to take a smoking history, record body weight, measure blood pressure, and test for glycosuria. The examination therefore provides information on several cardiovascular risk factors. It is sound and established practice to act on this information-that is, to introduce a component of preventive medicine into such a consultation. Furthermore, blood analyses are commonly requested-for example, haematological and biochemical profiles, or specific tests such as those of thyroid function.
The addition of serum cholesterol measurement to such investigations permits comprehensive assessment of risk of CHD. Given the importance of detecting and dealing with hypercholesterolaemia, the value of this investigation is probably greater than many that are routinely included in the "biochemical profile" without specific indications. Thus the case finding approach to recognition of hyperlipidaemia lacks the drawbacks of general screening and has two advantages. One is that the effect of laboratory workload will be modest compared with that of general screening. If lipid measurements are performed when a patient is first seen and is fully examined by a general practitioner, or consultant physician, or cardiologist, the number of additional analyses per year will be comparatively modest; yet over several years a large proportion of the population will be tested. Secondly, the measurement is performed within the context of the doctor-patient relationship, which has implications for the level of understanding and motivation of the patient, for the provision ofmanagement within a clinical setting, and for follow up.
This approach is complementary to selective screening, the two strategies affording the best chance of detecting major hyperlipidaemia in the population, without the financial implications of general screening for the laboratory and for staffing.
Recent progress in dry chemistry methods and improvement in reflective meter design are likely to have an impact on the diagnosis and monitoring of hyperlipidaemia, which at least will be as great as it has been on diabetic care. Using fingerprick samples, and in some instances accepting whole blood, the instruments produce results within three minutes at a highly competitive unit cost. Some have had teething troubles, but there is little doubt that accuracy is possible. The convenience to doctor and patient is obvious. The workload generated by case finding of hypercholesterolaemia will probably be shared between this approach and central laboratories.
When pronounced hyperlipidaemia is detected, it is often preferable that the patient be investigated and treatment initiated in a specialised unit. If the patient has definite or suspected xanthomata, if other grounds are present for suspecting presence of a major metabolic disorder, or if the serum is noticeably lactescent, a sample should certainly be obtained in the fasted state for cholesterol and triglyceride measurements. One justification for inclusion of high density lipoprotein cholesterol measurement in the assessment of risk factor is the occurrence of mild hypercholesterolaemia (7-7 5 mmol/l) due to unusually high concentrations of high density lipoprotein, with normal concentrations of other lipoproteins. As treatment is not indicated there is an advantage in recognising this uncommon entity of high density lipoprotein hyperpoproteinaemia. The wider question that remains concerns the value of measuring high density lipoprotein cholesterol in adding to the prediction of risk. Considerable further research is needed before this can be clearly settled; for the present, measurement of high density lipoprotein cholesterol should be regarded as of uncertain clinical value. Apart from high density lipoprotein related hyperlipidaemia, there is no rigorous proof that knowledge of high density lipoprotein cholesterol should currently influence therapeutic decisions.
Considerable interest has been stimulated by case control studies, suggesting that concentrations of apolipoproteins, in particular apo B42 and possibly also apo A-I,43 discriminate better than lipid concentrations between CHD patients and controls. There is as yet little confirmation of this from longitudinal studies, and little or no exploration of possible implications for treatment. But the topic is undoubtedly a growth area in lipoprotein research and may well earn a place in clinical assessment of risk of CHD.
In the Green Paper on primary health care, criteria for high standards of practice are proposed, including the provision of preventive activities." Prevention of CHD is referred to specifically. Established CHD is largely a cardiological problem; but its prevention will require the combined efforts of several disciplines, with the general practitioner very much at the forefront. The chemical pathologist has an important and potentially rewarding analytical and interpretative role.
